Formation of beta-methylmalate and its conversion to citramalate in Rhodospirillum rubrum.
Using a cell-free extract of Rhodospirillum rubrum, studies were made of the condensation reaction between propionyl-CoA and glyoxylate. When [14C]propionate was incubated with the extract in the presence of glyoxylate, ATP, CoA, Mg2+, and Mn2+, radioactivity was incorporated into several compounds. Two of the main products were characterized as citramalate (CMA) and erythro-beta-methylmalate (erythro-MMA) on the basis of their behavior compared with authentic samples of CMA and erythro-MMA in the following three analyses: (i) paper chromatography using two solvent systems, (ii) radio-gas chromatography on their methyl esters, and (iii) chemical conversion to readily crystallizable derivatives, that is, citramalyl chloralide for CMA, and thymine for MMA. The CMA was thought to be of L(+)-form based on the results of optical resolution with brucine and also its susceptibility to L(+)-citramalate lyase of Clostridium tetanomorphum. When the reaction was carried out with lower concentrations of the enzyme, only MMA was accumulated. However, when the reaction was allowed to proceed further after addition of higher concentrations of the enzyme and of excess semicarbazide to prevent further condensation, the amount of accumulated MMA was decreased and CMA was formed instead. Furthermore, the time course of MMA and CMA formation exhibited a pattern typical of a precursor-product relationship. From these results, it was concluded that MMA was formed by alpha-condensation between propionyl-CoA and glyoxylate, and that CMA was derived from MMA, possibly from its CoA derivative.